Introduction {#sec1-1}
============

Hypercholesterolemia is associated with serious health risks and increased mortality. Hypertension, hyperlipidemia, insulin resistance and glucose intolerance are known as cardiac risk factors that cluster in obese individuals.\[[@CIT1]\] The persistence of hypercholesterolemic state causes enhanced oxidative stress, leading to the development of atherosclerosis, coronary artery disease (CAD) and other complications of obesity.\[[@CIT2][@CIT3]\]

In the recent years, there is growing interest in herbal medicines all over the world. Traditional medicinal plants having antilipidemic property can prove to be an useful source for the development of new oral hypolipidemic agents or simple dietary adjuvant to existing therapies. Ethnopharmacological surveys indicate that more than 1200 plants are used in traditional medicine for their hypolipidemic activity.\[[@CIT4][@CIT5]\] The hypolipidemic activity of a number of plants/plant products has been evaluated and confirmed in animal models,\[[@CIT6][@CIT7]\] as well as in human beings.\[[@CIT8][@CIT9]\]

*Phyllanthus reticulatus* (Family---Euphorbiaceae) is a climbing shrub which grows all over India.\[[@CIT10]\] It has been shown to have hypotensive effects and its folklore use in gastric complaints including colic and constipation has been reported.\[[@CIT11]\] *Phyllanthus niruri* has been shown to possess significant hepatoprotective activity in fatal liver diseases such as liver cirrhosis and hepatocellular carcinoma.\[[@CIT12]\] Chemical studies demonstrated the presence of octacosanol, teraxerol acetate, friedeline, teraxerone, betulin, sitosterol, etc.\[[@CIT13]\] Although *P. reticulatus* has not been studied for significant chemical as well as biological studies, the plants of this genus were reported to contain lignins, flavonoids, triterpenoids, alkaloids and polyphenolic compounds.\[[@CIT14]\] Flavonoids and polyphenolic compounds have a potential role in the prevention of various diseases through their antioxidant activity.\[[@CIT15]\] The present work was designed to study the lipid profile and oxidative stress of the aqueous extract of the aerial parts of *P. reticulatus* in rat model.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Animals {#sec3-1}

Adult albino rats (Wistar strain) weighing 180--200 g of either sex were used for this study. The animals were housed in polypropylene cages at controlled temperature (26 ± 2°C), relative humidity (60 ± 5%) with a 12--12 h light--dark cycle. The rats were fed with standard laboratory diet and water was provided *ad libitum*. The animals were maintained as per the CPCSEA guidelines and regulations and the study was approved by the Institutional Animals Ethics Committee at Bharathiar University, Coimbatore, India. The composition of atherogenic diet used during the study was given as in [Table 1](#T0001){ref-type="table"}.

###### 

Composition of normal and atherogenic diet

  *Composition*                 *Normal diet (%)*   *Atherogenic diet (%)*
  ----------------------------- ------------------- ------------------------
  Protein (milk powder)         12                  10
  Carbohydrates (wheat flour)   71                  61
  Sugar                         05                  05
  Fat (butter)                  05                  16
  Salts                         04                  04
  Vitamins                      01                  02
  Fibers                        02                  01
  Cholesterol                   \-                  01
  Total weight                  100 g               100 g

### Preparation of the extract {#sec3-2}

Aerial parts (stem and leaves) of *P. reticulatus* were collected in July--September from Maruthamalai Hill, Coimbatore (India). The plant was identified and authenticated with the help of Botanical Survey of India, Coimbatore (India). The plant material was dried under shade and powdered in a grinder. The powdered material (100 g) was extracted with double-distilled water by the hot continuous percolation method in a Soxhlet apparatus. The extract was evaporated to dryness under vacuum and dried in a vacuum desiccator to obtain a residue of 15.65 g.

### Induction of experimental hypercholesterolemia {#sec3-3}

In order to induce hypercholesterolemia, the method reported by Bopanna *et al*. was followed.\[[@CIT16]\] The animals were divided into four groups of six rats each and they received the following diets with or without treatment for 45 days orally:

1.  Group I: Normal diet.

2.  Group II: Atherogenic diet containing 1% cholesterol.

3.  Croup III: Atherogenic diet + aqueous extract of *P. reticulatus* (250 mg/kg b.w.).

4.  Group IV: Atherogenic diet + aqueous extract of *P. reticulatus* (500 mg/kg b.w.).

At the end of the treatment, the rats were fasted overnight and killed by decapitation. Blood was collected and serum was separated and stored in a refrigerator (4°C) until assay.

### Measurement of serum lipid profile {#sec3-4}

Total cholesterol (TC),\[[@CIT17]\] serum triglyceride,\[[@CIT18]\] high density lipoprotein (HDL),\[[@CIT19]\] and protein carbonyl levels,\[[@CIT20]\] were measured while very low density lipoprotein (VLDL) was calculated as triglyceride/5 and low density lipoprotein (LDL) was calculated using the equation: LDL = total cholesterol -- (HDL + VLDL). The atherogenic index was calculated using the following formula:

$${Atherogenic}\quad{Index}\quad = \quad\frac{{Serum}\quad{cholesterol}}{{Serum}\quad{HDL}\quad –\quad{cholesterol}}$$

### Drugs and chemicals {#sec3-5}

All the chemicals were used of analytical grade, obtained from M/s. SISCO Research Laboratories Pvt. Ltd, Mumbai.

### Statistical analysis {#sec3-6}

Statistical analysis was carried out using Student's *t*-test.\[[@CIT21]\]

Results {#sec1-3}
=======

Phytochemical screening revealed the presence of lignins, flavonoids, triterpenoids, alkaloids, polyphenolic compounds and mucilage in the aqueous extract of *P. reticulatus*. Feeding of atherogenic diet increased serum cholesterol, triglyceride, LDL-cholesterol and HDL-cholesterol level, VLDL-cholesterol and protein carbonyl level when compared to normal group at over a period of 45 days. Administration of aqueous extract of *P. reticulatus* (250 and 500 mg/kg per day) showed statistically significant decrease in total cholesterol (*P* \< 0.05), triglyceride (*P* \< 0.001), LDL-cholesterol (*P* \< 0.05), VLDL-cholesterol (*P* \< 0.001) and protein carbonyl level (*P* \< 0.05) while increase in HDL-cholesterol level (*P* \< 0.05) as compared to hypercholesterolemic animals \[[Table 2](#T0002){ref-type="table"}\]. The aqueous extract treated animals showed decrease in the atherogenic index and increased percentage of protection at both the doses, i.e. 250 and 500 mg/kg \[[Table 3](#T0003){ref-type="table"}\].

###### 

Effect aqueous extract of *P. reticulatus* on serum lipid profile in normal and atherogenic diet-induced hypercholesterolemic rats

  *Groups*                                                    *Total cholesterol (mg/dL)*                        *Triglyceride (mg/dL)*                           *VLDL (mg/dL)*                                  *HDL (mg/dL)*                                    *LDL (mg/dL)*                                    *Protein carbonyl (nmol/mg prot)*
  ----------------------------------------------------------- -------------------------------------------------- ------------------------------------------------ ----------------------------------------------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------
  Group I (Normal)                                            160.0 ± 14.4                                       176 ± 3.0                                        38 ± 1.6                                        46 ± 1.4                                         50.41 ± 2.96                                     0.120 ± 0.40
  Group II (Atherogenic diet only)                            240.0 ± 16.0                                       236 ± 3.6                                        49 ± 1.8                                        51 ± 1.02                                        55.81 ± 0.46                                     0.200 ± 1.20
  Group III (Atherogenic diet + aqueous extract, 250 mg/kg)   139.1 ± 34.8[\*\*](#T000F2){ref-type="table-fn"}   200 ± 3.31[\*\*](#T000F2){ref-type="table-fn"}   42 ± 1.12[\*](#T000F1){ref-type="table-fn"}     59 ± 1.76 [\*\*](#T000F2){ref-type="table-fn"}   52.89 ± 0.98[\*](#T000F1){ref-type="table-fn"}   0.136 ± 0.25[\*](#T000F1){ref-type="table-fn"}
  Group IV (Atherogenic diet + aqueous extract, 500 mg/kg)    130.2 ± 30.0[\*\*](#T000F2){ref-type="table-fn"}   186 ± 3.21[\*\*](#T000F2){ref-type="table-fn"}   39 ± 1.16[\*\*](#T000F2){ref-type="table-fn"}   63 ± 1.89[\*\*](#T000F2){ref-type="table-fn"}    51.41 ± 0.38[\*](#T000F1){ref-type="table-fn"}   0.130 ± 0.15[\*](#T000F1){ref-type="table-fn"}

Statistical significance in comparison to groups III, IV with group II;

*P* \< 0.05

*P* \< 0.001

###### 

Atherogenic index in various study groups

  Groups                                                                             Atherogenic index   Protection[\*](#T000F3){ref-type="table-fn"} (%)
  ---------------------------------------------------------------------------------- ------------------- --------------------------------------------------
  Group I (Normal)                                                                   2.163               
  Group II (control)                                                                 3.200               \-\-\--
  (Atherogenic diet only) Group III (Atherogenic diet + aqueous extract 250 mg/kg)   1.807               44.51
  Group IV (Atherogenic diet + aqueous extract 500 mg/kg)                            1.225               67.82

$${Protection}\quad\left( \% \right) = \frac{{Atherogenic}\quad{index}\quad{of}\quad{control}\quad –\quad{atherogenic}\quad{index}\quad{treated}\quad{group}\quad}{{Atherogenic}\quad{index}\quad{of}\quad{control}} \times 100$$

Discussion {#sec1-4}
==========

The effect of *P. reticulatus* on lipid profile and oxidative stress in hypercholesterolemic albino rats was evaluated in this study. *P. reticulatus*, an Indian herbal plant, possesses cardioprotective and lipid lowering properties. Treatment with *P. reticulatus* extract produced a significant decrease in the serum lipid level in atherogenic diet-induced hypercholesterolemia in rats. Maruthappan and Sakthi Shree\[[@CIT22][@CIT23]\] found that the feeding of *Adenanthera pavonina* and *Terminalia chebula* lowered the total cholesterol and its fractions in lipoproteins. They reported hypolipidemic activity of the saponins, flavonoids and polyphenolic compounds from *A. pavonina*. Beta-sitosterol, a phytosterol, is reported as useful in the treatment of hyperlipidemia.\[[@CIT16]\] Sudhessh *et al*.\[[@CIT24]\] reported that condensed tannins of *Solanum melongena* are reduced in hyperlipidemia. The aqueous extract of *P. reticulatus* contains lignins, flavonoids, triterpenoids, alkaloids, polyphenolic compounds and mucilage. The high amount of lignins, flavonoids present in *P. reticulatus* may be responsible for the hypocholesterolemic effect. Use of diet rich in saturated fats and an increase in coronary heart disorder (CHD) has been observed in the developing countries for the past few decades.\[[@CIT25]\]

Pretreatment of *P. reticulatus* reduced the atherogenic diet-induced hypocholesterol manifestations in multiple ways. Increase in the level of serum triglyceride, total cholesterol, LDL-cholesterol and VLDL-cholesterol in the *P. reticulatus*-treated group indicate that phytochemicals may be interfering with metabolism or biosynthesis of lipids. Pretreatment with *P. reticulatus* showed reduction in serum lipid levels with concomitant increase in HDL-cholesterol. Decrease in serum lipid profiles and increase in HDL-cholesterol in *P. reticulatus*-treated group may be due to the present of phytochemicals. Lipid lowering effect of *P. reticulatus* could be due to inhibition of hepatic cholesterol biosynthesis, increased fecal bile acid secretion and stimulation of receptor-mediated catabolism of LDL-cholesterol and increase in uptake of LDL from blood by liver.\[[@CIT26]\] The atherogenic index (TG/HDL-C ratio) used to predict risk of CHD and marker of small, dense LDL-C (an atherogenic lipoprotein)\[[@CIT27][@CIT28]\] were significantly reduced by the *P. reticulatus* extract, indicating the beneficial effect of extract in cardiovascular diseases.

Oxidative stress is an important event in the development and maintenance of atherosclerosis.\[[@CIT29]\] Protein carbonyl is the most widely used biomarker for oxidative damage to proteins by multiple forms reactive oxygen species (ROS).\[[@CIT30]\] On the basis of the measurement of protein carbonyl, it has been suggested that the accumulation of oxidized proteins is associated with atherosclerosis.\[[@CIT31]\] However, the relationship between serum lipid levels and protein carbonylation is not clear.

Conclusion {#sec1-5}
==========

In this study, an increase in serum HDL-cholesterol with a concomitant decrease in other lipids was observed. It can be concluded from the present data that the levels of total cholesterol, triglyceride, LDL-cholesterol, VLDL-cholesterol and protein carbonyl which are raised in atherogenic diet are lowered significantly with the aqueous extract of *P. reticulatus*. Aqueous extract of *P. reticulatus* can be utilized for prevention of atherosclerosis in hypercholesterolemic patients.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
